I. Introduction
Hypothyroidismis the disease state that results from thyroid hormone deficiency. [1] Iodine deficiency remains the most common cause of hypothyroidism worldwide. In areas of iodine sufficiency, autoimmune disease (Hashimoto's thyroiditis) and iatrogenic causes (treatment of hyperthyroidism) are most common. [2] Hypothyroidism is often initiated by autoimmunity against the thyroid gland (Hashimoto disease), but immunity that destroys the gland rather than stimulates it. This causes progressive deterioration and finally fibrosis of the gland, with resultant diminished or absent secretion of thyroid hormone. [3] Positron emission tomography (PET) brain scans of hypothyroid patients before and after T 4 therapy demonstrate reversible reduced glucose uptake in specific brain areas, such as the limbic system, which also correlates with behavioral and psychiatric symptoms. [4] Auditory acuity reduction has been associated with thyroid gland dysfunction and has been described by numerous authors. In 1974, Ritter stressed that hearing loss can be the most common otorhinolaryngological manifestation of congenital and acquired hypothyroidism, and auditory symptoms may happen alone or in association with vertigo and tinnitus. [5] It is known that in this hormonal disorder there is a reduction in cell energy production, compromising the microcirculation and, consequently, oxygenation and the metabolism of the involved organs. Inner ear structures are also affected such as the striavascularis and the Organ of Corti. [6] Thyroid hormones control protein synthesis, the production of myelin and enzymes and the level of lipids in the central nervous system. Moreover, T 4 can act as a neurotransmitter. Thus, it is believed that under hypothyroidism, hearing impairment can originate in the cochlea in the central auditory pathways and/or in the retrocochlearregion. [7] Tonal threshold audiometry, Immittance tests and electrophysiological methods such as brainstem auditory evoked potentials (BAEP) and otoacoustic emissions (OAE) have been used to assess patients with hypothyroidism. [8] Conventional audiometric tests are not sensitive enough to detect the initial phases of sensory loss, nor are they capable of determining the site and pattern of this hearing loss. [9] The changes in neural generator activity and sensory conduction in CNS could be detected by monitoring auditory evoked potentials. Waves of ABR primarily represent volume conducted electrical activity generated from cochlear nerve to inferior colliculus and interpeak latencies between these waves reflect neural conduction in the corresponding segment of central auditory pathway. [10] BAEP is a simple, non-invasive procedure to detect early impairment of acoustic nerve, and CNS pathways, even in the absence of specific symptoms. ABR is a far field recording of the synchronized response of a large number of neurons in the lower portion of auditory pathway. [11] Brainstem auditory evoked response is the potential recorded from the ear and vertex in response to a brief auditory stimulation to assess the conduction through auditory pathway up to midbrain. [12] Typically the BAEPs comprise of five or more waveforms that are recorded within 10 milliseconds of an acoustic stimulus. Wave I originates from the peripheral portion of cranial nerve VIII (auditory nerve) near the cochlear nucleus. Wave II originates from cochlear nucleus, wave III from superior olivary nucleus, wave IV from lateral lemniscus and wave V from inferior colliculi in the midbrain. [13] The aim of the present study was to assess the BAEP abnormalities in patients suffering from hypothyroidism in the age group 20-50 years, and to find whether any correlation exists between the observed abnormalities and the hypothyroid status.
II. Materials And Methods
The study was conducted in the Department of Physiology in the institute from 2012-2014. The subjects were divided into two groups (i) the hypothyroid group, and (ii) the control group. The study protocol was approved from the ethical committee of the institute. Written consent was obtained from all the enrolled subjects after explaining them the details of the study in their own language.The hypothyroid group comprised of 50 patients attendingoutdoor clinics of the institute, while the control group consisted of 50 age-matched volunteers from among the paramedical and lower staff of the institute.
Inclusion criteria
Among the first group, those with hypothyroidism, aged 20-50 years and with no past/present or family history of ear disease or deafness were included. The diagnostic method for hypothyroidism was based on T3, T4 and TSH levels. Among the controls, non-hypothyroid, age-matched subjects who had no past/present or family history of ear disease or deafness and who were audiometrically normal, euthyroid and apparently healthy, were included. We did not include subjects above 50 years of age since this age group has an increased incidence of presbycusis, a type of sensorineural hearing loss.
Exclusion criteria
For both the groups, those subjects were excluded, who had features of conductive deafness, ontological disorders, past history of neurological disorders, family history of deafness or any systemic illness that might affect the nervous system ( diabetes,uraemia, stroke, hepatic encephalopathy, multiple sclerosis etc.), had undergone prior ear surgery, had used known ototoxic medications (eg. aminoglycosides) or any drug which might affect the normal functioning of the nervous system (eg. antidepressants, antipsychotics, methyldopa etc.), who had hearing loss since childhood or had any genetic syndrome. In the control group, in addition to the above criteria, those subjects were also excluded, who gave past/family history of thyroid disease.
Medical and Biochemical examination
Prior to the BAEP recordings, all the subjects were made to undergo the following: 1.3.1 Detailed history by way of self administered questionnaires about medical history and lifestyle. 1.3.2 Detailed general physical and systemic examination. 1.3.3 Complete ENT checkup by way of otoscopic examination and tuning fork tests, to rule out peripheral hearing loss. 1.3.4 Serum T3, T4 and TSH levels, which were assessed in the clinical biochemistry lab of the institute.
Brainstem auditory evoked potential study
It was performed as per the guidelines of American Clinical Neurophysiological Society [14] . The subjects were asked to wash hair, the night before the test. This was to reduce unnecessary impedance which is produced by excessive oil present on scalp hair.For the test RMS EMG EP MARK II was used. BAER was performed as per the procedure given in the manual supplied by RMS Recorders and Medicare Systems (P) Ltd. The room was sound proof with quiet surroundings. The subject was allowed to relax on a comfortable chair with the subject's back towards the recording machine.The following anthropometric parameters were measured: -Height (cms) and Weight (kgs)
Statistical analysis
Evaluation of the data was carried out by Microsoft Excel & SPSS/PC+. 'p' value less than 0.05 and 0.01 were considered significant and highly significant respectively.
III. Results
There was no statistically significant difference between the basic data: age and height of both hypothyroid patients and controls. However, there was a statistically highly significant difference between the weight of both the groups, the values being much higher in hypothyroid patients as compared to DOI: 10.9790/0853-1603126468 www.iosrjournals.org 66 | Page controls (TABLE 1) . Also, there was a statistically highly significant difference in plasma T3, T4 and TSH values for both the groups, T3 and T4 being much lower, and TSH being much higher in hypothyroid patients as compared to normal, healthy subjects (TABLE 2) .
A comparison between the mean values of various wave latencies was done separately for both the ears, in both the hypothyroid and control groups (TABLE 3) . No significant differences were observed between absolute latencies of waves I, II, III and IV in hypothyroid patients and controls, with either right ear or left ear stimulation. The latency of wave V was, however, significantly higher in hypothyroid patients as compared to controls, for both right ear, as well as left ear stimulation.
As regards to theInterpeak latency (IPL) comparison, no statistically significant differences were observed between IPLs I-III and I-V in hypothyroid and control groups, with either right ear or left ear stimulation. IPL III-V was significantly higher in hypothyroid group as compared to control group, with right ear stimulation, while it was comparable between hypothyroid and control groups in case of left ear stimulation (TABLE 4) .
A comparison between the amplitudes of waves I (Ia) and V(Va), and absolute amplitude, R(V/I) was also done separately for both the ears, in both hypothyroid and control groups(TABLE 5). The amplitude Ia was comparable between hypothyroid and control groups in case of right ear stimulation, while it was highly significantly lower in hypothyroid group as compared to control group with left ear stimulation. The amplitude Va was highly significantly lower in hypothyroid group as compared to control group, with either right ear or left ear stimulation. Also, the absolute amplitude R (V/I) was highly significantly lower in hypothyroid group as compared to control group, with either right ear or left ear stimulation. 
IV. Discussion
The results of our study have shown that absolute latency of wave V was significantly delayed bilaterally, and IPL III-V was significantly delayed unilaterally, in hypothyroid patients as compared to controls. Also, the amplitude of wave I (Ia) was highly significantly shortened unilaterally, while amplitude of wave V (Va) and absolute amplitude R (V/I) were highly significantly shortened bilaterally, in hypothyroid patients as compared to controls.
Our Deafness is the most common otolaryngological manifestations associated with thyroid dysfunction. Hypothyroidism, both congenital and acquired has been associated with impaired hearing. It has been estimated that a significant hearing loss is found in 25% of adult hypothyroid patients. [15] The presence of optimal thyroid hormones is required to improve excitability of neuronal pools (generators) in brainstem. It has been shown that thyroid hormone do influence synthesis and release of neurotransmitter and sensitivity of receptors, particularly H1 and H2 receptors in the brain. Thus in hypothyroid state, sensory functions might be deranged.The functional integrity of the auditory pathway depends on the intact anatomical pathway, functional relay stations, myelination and thickness of the tract and absence of any compression or pressure from outside. Values of ABR (particularly the absolute and inter-peak latencies) represents the peripheral (from acoustic nerve and pontomedullary portion) and central (pontomesencephalic) conduction time. The abnormal values may indicate that in hypothyroid state there may be some slow conduction at the periphery. [16] It may be caused in part by a general diminution in cerebral activity; a myxoedematous infiltration of the middle ear has also been postulated to explain loss of conduction. [17] These abnormalities in Auditory Brainstem Responses can also be explained by the low body temperature seen in these patients. [18] Hypothyroidism is associated with significant neurocognitive deficits because hypothyroidism prevents the brain from adequately sustaining the energy consuming processes needed for neurotransmission, memory and other higher brain functions. [19] Thus it is indicated that hypothyroidism accounts for delayed neural transmission and increased latencies.
Keeping in mind the prevalence of hypothyroidism and its detrimental effects on the hearing ability of an individual, it is suggested that BAEP testing may also be done as a part of routine screening procedures which are of vital importance in hypothyroid patients.
V. Conclusion
The results of our study clearly show that even though a hypothyroid patient might be unaware of hearing deficit early in the course of the disease, changes do begin to appear at various levels in the nervous system. As electrophysiological studies are easy to perform and harmless to the subjects, and they may detect subtle CNS changes at peripheral (auditory nerves) and central level (brainstem) at an early stage of hypothyroidism, these electrophysiological studies can be used with fair accuracy and non-invasively, to find out any auditory dysfunction as early as possible in hypothyroid patients.awareness should be created among health professionals involved directly or indirectly in the care of hypothyroid patients and to inform general public about the association of auditory decline with hypothyroidism. Education and treatment strategies for the hypothyroid patients have to be planned accordingly. Special care must be given to the hypothyroid patients before a permanent damage to auditory pathway occurs. In our study we included the subjects with normal hearing without any clinical signs and symptoms of deafness, but affected waves of BAER recordings suggest that the auditory pathway is affected significantly. So close follow up is necessary in hypothyroid patients.Also because of extremely diverse dietary and also help in standardizing the pattern of BAEP abnormalities in hypothyroidism.
